Whisker deflection conditioned stimuli (CS) were demonstrated to activate physiologically and anatomically defined barrels in the contralateral somatosensory cortex and to support trace-eyeblink conditioned responses when paired with corneal airpuff unconditioned stimuli in rabbits. Analysis of cytochrome-oxidase-stained somatosensory whisker-associated cortical barrels revealed a rowspecific expansion of the conditioned compared with the nontrained hemisphere. This expansion was not evident in pseudo-conditioned rabbits, suggesting that this expansion of conditioned cortical barrels in response to a hippocampal-and forebrain-dependent learning task (trace conditioning) is associative rather than activity dependent. Using whisker stimulation as a CS in the well studied eyeblink conditioning paradigm will facilitate characterizing sensory cortical involvement in controlling and modulating an associatively learned response at the neural systems and cellular level.
Introduction
Eyeblink conditioning is one of the oldest and best-studied associative learning paradigms (Gormezano et al., 1962) . During training, a neutral conditioned stimulus (CS) is paired with a salient unconditioned stimulus (US), eliciting an unconditioned response (UR). After repeated CS-US pairings, the subject begins to exhibit a learned conditioned response (CR) that precedes the US. In trace conditioning, the CS and US are temporally separated by a stimulus-free interval. This form of conditioning is dependent on the hippocampus (Solomon et al., 1986; Moyer et al., 1990; Kim et al., 1995; Weiss et al., 1999; Takehara et al., 2002) ; however, once learned, the hippocampus is no longer necessary to perform the task (Kim et al., 1995; Takehara et al., 2002) , suggesting that long-term consolidation occurs elsewhere. However, little is known concerning the specific site(s) for long-term memory storage of trace associations.
One of the more likely candidate locations for long-term memory storage is the cerebral cortex (Squire et al., 2004) . Various studies have suggested the caudal anterior cingulate (cAC) as one possible cortical site (Kronforst-Collins and Disterhoft, 1998) . However, a recent analysis suggested that cAC is involved in attending to the CS (Weible et al., 2003) , rather than serving as a storage site. Another cortical region that could play a role in long-term memory storage of trace associations would be the primary sensory cortical region that perceives the CS Disterhoft, 1981, 1982; Weinberger et al., 1984 Weinberger et al., , 1993 Sensory cortical regions have been demonstrated to exhibit experience-dependent plasticity using various paradigms. For example, focal retinal lesions induce a topographic reorganization in primary visual cortex Gilbert, 1994, 1995) . Likewise, training on an object orientation task alters both sensitivity and preferred orientation in primary visual cortex (Schoups et al., 2001; Ghose et al., 2002) . Furthermore, frequency discrimination training alters the preferred frequency cortical receptive field in primary auditory cortex (Disterhoft and Stuart, 1976; Kitzes et al., 1978; Weinberger, 1986, 1989; Edeline et al., 1993; Recanzone et al., 1993; Rutkowski and Weinberger, 2005) . Finally, tactile discrimination alters somatosensory cortical map hand representation (Jenkins et al., 1990; Recanzone et al., 1992) and neuronal firing in primary somatosensory barrel cortex (Krupa et al., 2004) for digit and whisker stimulation, respectively. These and similar studies suggest that the primary sensory cortex is modulated in response to learning and could be one site among others that mediate long-term memory storage. Our trace-conditioning paradigm used the well characterized vibrissa system. In the vibrissa system, tactile information from individual whisker deflections is sent to cortex in a one-to-one orientation via a tri-synaptic pathway (facial nerve to medullary barrelets/thalamic barreloids/somatosensory barrel cortex) (Woolsey and Van der Loos, 1970) . The following analyses demonstrated that cytochrome oxidase (CO) staining can be used to visualize electrophysiologically confirmed, whisker-associated cortical barrels in adult rabbits. We then showed that whisker stimulation is a suitable CS for trace conditioning, as it is for delay conditioning (Das et al., 2001) . Finally, we demonstrated trace conditioning induced alterations in barrel cortical map representations.
Materials and Methods

Cortical barrel localization
Surgery. Three-month-old female New Zealand White rabbits weighing 3.0 -4.0 kg were used. The surgical procedures adhered to the guidelines of Northwestern University's Animal Care and Use committee. Ketamine (60 mg/kg) and xylazine (10 mg/kg) were administered intramuscularly to anesthetize the rabbits for surgery. Eyes were kept moist with a thin layer of antibacterial ophthalmic ointment.
For single-neuron recordings, the rabbit was positioned in a stereotaxic frame, with lambda 1.5 mm below bregma. The skull was exposed and two 5.0-mm-diameter openings centered 2.5 mm posterior and 7.5 mm lateral from bregma were made, exposing the intact dura. Heart rate and temperature were monitored, and supplemental anesthesia administered as needed.
Single-neuron recording. Neuronal data were recorded using the Cheetah system (Neuralynx, Tucson, AZ). Tetrodes consisted of four Formvar-coated nichrome wires (25 m diameter bare; 37 m diameter coated), which were bonded at one end with epoxylite and exhibited an average impedance of 0.5-1.5 M⍀. Neuronal activity was passed to a headstage amplifier (HS-27) via a customized adapter, buffered with the HS-27, filtered (600 -6000 Hz), and amplified (20,000ϫ).
Penetration into the barrel fields was verified via manual vibrissa stimulation and auditory monitoring of neuronal activity. During neuronal recording, vibrissa stimulation was performed as described for behavioral training (see below, Whisker-trace conditioning), with stimulation applied every 4 -6 s. During stimulation of B-row whiskers, neuronal activity was recorded at multiple locations within the contralateral barrel cortex. After each recording period, the activity of individual neurons was isolated using Neuralynx Spike Sort software, and peri-event time histograms (PETHs) were generated off-line to identify stimulus-specific changes in neuronal firing rate. z scores were then calculated for the PETHs to identify significant changes (z Ͼ 1.96) in firing rate compared with a 1000 ms prestimulus baseline. When neurons exhibiting robust stimulus-specific increases in firing rate were identified, a current (DC, ϩ10 A, 1 s duration) was passed through a single channel of the tetrode to mark the site for subsequent histological identification. This procedure was performed in both hemispheres.
Rabbits were then killed by intravenous administration of a lethal dose of sodium pentobarbital (97.5 mg/kg) and perfused transcardially with PBS, pH 7.4, followed by 2% paraformaldehyde for a light fixation. The cerebral cortex was then dissected off, flattened (Strominger and Woolsey, 1987) , and postfixed overnight in 4% paraformaldehyde. Flattened cortices were then cryoprotected in 30% sucrose in PBS and sectioned (30 m) parallel to the surface with a cryostat.
Cytochrome oxidase/Nissl staining. For electrode placement after single-neuron recording, alternating sections were stained for cytochrome oxidase for barrel visualization or Nissl for electrode placement. For CO staining, free-floating sections were placed in staining solution (0.05% DAB, 0.03% cytochrome c, 4% sucrose in PBS) at 37°C for 6 h to ensure consistent staining. CO staining was terminated via a series of PBS washes, and sections were then mounted onto gelatin-coated slides for analysis. For Nissl staining, sections were mounted onto slides and stained according to a standard cresyl violet staining protocol.
Whisker-trace conditioning
Surgery. The surgical preparation was performed as outlined above (Cortical barrel localization, Surgery). Thirteen rabbits were surgically implanted with an atraumatic restraining device for head immobilization during training as described previously (Disterhoft et al., 1977) .
Conditioning. Training was conducted while rabbits were restrained in a cloth bag in a Plexiglas box with their heads immobilized. After 1 d of habituation, seven rabbits began trace conditioning and seven rabbits began pseudo-conditioning. Trace conditioning consisted of 80 daily trials with a pseudo-randomly varied intertrial interval (ITI) of 30 -60 s. Each trial consisted of a 250 ms CS followed by a stimulus-free 500 ms trace interval immediately followed by a 150 ms US. For the CS, whiskers B1-B6 were attached 1.0 -1.5 cm from the rabbit's face to an applicator made of card stock paper that was then attached to a flat piezoceramic strip (T220-A4 -303; Piezo Systems, Cambridge, MA). Great care was taken to ensure that the piezoceramic strip did not come into contact with any of the nonconditioned whiskers. To generate the CS, 120 V AC was delivered to the piezoceramic strip generating a 60 Hz, 130 m dorsal-ventral deflection of the attached whiskers (Das et al., 2001 ).
Straddler whiskers have not been characterized in rabbits; thus, for whisker labeling, we adopted the nomenclature used for rabbits by Gould (1986) . The US was a 3.5 psi airpuff to the eye. A CR, closure of the nictitating membrane monitored via change in voltage from an infrared reflective sensor, was defined as a 4 SD change in voltage above baseline present within 20 ms of US onset. Rabbits were killed 24 h after reaching behavioral criterion, defined as exhibiting CRs on 80% of the trials. Pseudo-conditioned rabbits were presented with 80 CS and 80 US random unpaired trials with a pseudo-randomly varied 15-30 s ITI. Pseudoconditioned rabbits never reached criterion; thus, to determine when they should be terminated from the experiment, they were yoked to a trace-conditioned rabbit and killed 24 h after the trace-conditioned rabbit reached criterion. Yoked rabbits were trained, killed, tissue processed, and analyzed together. One pseudo-conditioned rabbit was eliminated from the analysis because of difficulty finding cortical barrels on both hemispheres. Rabbits were killed and their cortices were processed as described above (Cortical barrel localization, Single-neuron recording).
Cytochrome oxidase. For barrel analysis after trace conditioning, every third section was stained for cytochrome oxidase. This staining protocol usually resulted in three sections containing cortical barrels. In such situations, the middle section was used for analysis. If barrels were only visible on two sections, the section that had the better defined barrels was used. Cortical barrels were typically observed starting at 683.33 Ϯ 124.4 m from the surface of the cortex and spanned ventrally 326 Ϯ 113.85 m. CO staining was conducted as outlined above (Cortical barrel localization, Cytochrome oxidase/Nissl staining).
Barrel cortical analysis. To determine barrel length and width, cytochrome oxidase stained cortical barrels were scanned at constant illumination on a flat bed scanner at 5000 dots per inch (dpi). For barrel length analysis (the total length or anteroposterior extent of barrels 1-3 within a row), a 63-m-wide sampling rectangle was placed over a single row of barrels, ensuring that the ends of the rectangle extended beyond the first and last barrel using NIH ImageJ, version 1.32J (http://rsb.info.nih.gov/ ij/). An optical density histogram of the area within the rectangle was then generated, again using ImageJ to determine the location for barrel walls. The length of the first to the third barrel was recorded (see Fig. 4 A) . For barrel width analysis (the mediolateral distance of the barrel, perpendicular to the row), a 63-m-wide sampling rectangle was placed over a single barrel, ensuring that the ends of the rectangle extended into the barrel in the adjacent row using ImageJ (http://rsb.info.nih.gov/ij/). Using ImageJ, an optical density histogram of the area within the rectangle was generated, and the width of the barrel (wall to wall) was measured for the first three barrels in rows A-D. To ensure consistent sampling as a result of animal, whisker row, and sectioning variability in the number of stained barrels per row, only the first three barrels in rows A, B, C, and D were measured. Although this method illustrated the point between two cortical barrel walls (see Fig. 4 A, tic marks on x-axis), it was not sensitive enough to delineate the barrel hollows and walls separately.
To assist in determining whether it was the hollows or walls that were changing, barrel hollow and wall boundaries for the first three barrels in row B on cytochrome-oxidase-stained sections were visualized on an Olympus (Melville, NY) microscope attached to an IBM-compatible computer, traced, and the areas determined via Stereo Investigator (MicroBrightField, Colchester, VT). For optical density analysis, cytochrome-oxidase-stained slides were scanned at constant illumination at 5000 dpi. Optical density values were acquired from these electronic images by randomly sampling three equally sized areas from the barrel hollow and wall via NIH ImageJ, version 1.32J (http://rsb.info. nih.gov/ij/). All analyses were conducted blind to the training condition and cortical hemisphere.
Statistics. For behavioral analysis, the percentage conditioned response was analyzed using a mixed general linear model (GLM)-ANOVA on Statistical Analysis Software (SAS) (SPSS, Chicago, IL) with days of training as within-subject and training group as between-subject variables. For length, width, area, and optical density analyses, neuroanatomical mean values were tested using a mixed-model GLM-ANOVA on SAS with row and hemisphere as within-subject and training group as between-subject variables.
Results
Identification of cortical barrels
After staining for CO, a barrel-like pattern with darkly stained barrel hollows and lightly stained barrel walls consistent with published rabbit barrel cortical electrophysiological maps (Gould, 1986) was visualized in a subset of tangential sections most likely spanning layer IV of the somatosensory cortex. Single neurons were identified in the contralateral primary somatosensory cortex exhibiting an increase in firing rate after B-row whisker stimulation (250 ms) (Fig. 1 A) . The marking lesion for this site, verified via alternating Nissl-stained sections, was located in the second row, third column of a CO barrel-like pattern (Fig.  1 D) . Stimulation of B-row whiskers failed to elicit a significant increase in firing rate when the electrode was moved Ͼ300 m in the mediolateral plane from the histologically verified recording site (data not shown). These analyses demonstrate that a barrellike pattern can be visualized in adult rabbit somatosensory cortex via CO staining, and in vivo neuronal activity suggests that this pattern corresponds to the whisker pad on the rabbit's face, as described previously in electrophysiological maps of rabbit barrel cortex (Gould, 1986) .
Trace conditioning
Whisker-trace-conditioned rabbits, compared with pseudoconditioned, exhibited a significant increase in CRs ( (Fig. 3) , as described previously for delay conditioning with whisker stimulation (Das et al., 2001 ) and for trace conditioning using an auditory CS. A few rabbits The upward deflection represents a sweep of the nictitating membrane across the cornea. Note the CR during the trace interval on day 7 as an indication of learning. B, The percentage of number of conditioned responses across training days for trace-and pseudo-conditioned rabbits. Only one conditioned rabbit required 9 d to reach criterion (80% CRs); hence, there are no error bars for these last two data points. Error bars represent SEM.
also exhibited a deflection of the nictitating membrane, which returned to baseline during the first 150 ms after CS onset, consistent with previously described ␣ responses (Solomon et al., 1986 ) (data not shown). These ␣ responses only attained a maximum of 9.25 Ϯ 2.02% of all trials. Note that, as stated in Materials and Methods (Whisker-trace conditioning, Conditioning), a CR was defined as a 4 SD change in voltage above baseline within 20 ms of US onset; thus, these ␣ responses did not meet this criterion and were not counted as CRs.
Learning-induced plasticity
Analysis of barrel length (the total length or anteroposterior extent of barrels 1-3 within a row) demonstrated an increase in the mean length for CO-stained trained barrels (B-row) compared with the nontrained hemisphere (within-subject; F (1,11) ϭ 6.61; p Ͻ 0.05) or pseudo-controls (between-subject; F (1,12) ϭ 9.94; p Ͻ 0.05) (Fig. 4 B) . The unconditioned whiskers (rows A, C, and D) of the trained hemisphere did not demonstrate a similar increase in length when compared with the nontrained hemisphere or pseudo-controls, suggesting that this increase (B-row) is specific to learning the conditioned response. No significant differences in barrel length within the same hemisphere by condition were observed. Analysis of barrel width (the mediolateral distance of the barrel, perpendicular to the row) demonstrated no significant change in response to conditioning in conditioned or unconditioned barrels (rows A, B, C, and D). To determine whether the conditioning induced increase in barrel length was caused by changes in the barrel hollow or wall, area analyses of both regions were then conducted. Analysis of B-row hollow size revealed a conditioning induced increase in the mean area compared with the nontrained hemisphere (within-subject; F (1,11) ϭ 12.97; p Ͻ 0.05) or pseudo-controls (between-subject; F (1,12) ϭ 6.28; p Ͻ 0.05) (Fig. 5) . Analysis of wall area revealed no significant differences (Fig. 5) , suggesting that the barrel wall is not altered with conditioning. However, the observed increase in total barrel metabolic area would only require a slight decrease in the thickness of each individual wall surrounding the barrel hollow; thus, we may not have the statistical power to resolve such a slight change in individual wall thicknesses. Analysis of optical density values demonstrated that the barrel hollow was significantly darker than the wall in all subjects (within-subject; F (1,167) ϭ 10.57; p Ͻ 0.05), but neither the hollow nor wall showed a significant change in optical density in response to conditioning (Table 1 ). These observations suggest that whisker conditioning does not increase the metabolic activity within a barrel but rather increases the size of the cortical whisker metabolic representation.
Discussion
Trace-eyeblink conditioning has long been believed to require higher cortical processing. We set out to establish a model system for examining sensory cortical involvement in long-term memory storage of trace associations. In the process, we developed a methodology for visualizing adult rabbit whisker cortical barrels, confirmed via electrophysiological analysis. We also demonstrated that vibrissa stimulation is an effective CS for trace-eyeblink conditioning and that this form of conditioning induces a learning-dependent, row-specific expansion of cortical barrels measured via cytochrome oxidase staining, indicating that it could be a site for long-term memory storage. Note that we are not suggesting that the barrel cortex is the only site for long-term memory storage of whisker-trace conditioning. For example, cerebellar interpositus lesions abolish the ability to acquire or exhibit already acquired trace CRs (Woodruff-Pak et al., 1985; Gerwig et al., 2005) , suggesting that it could also play a role in long-term memory storage. However, these analyses demonstrate that not only can the vibrissa system provide a model for further analysis of sensory cortical plasticity in trace-eyeblink conditioning, but because of the topographical map and highly structured neuronal organization of the barrel cortex Gusev, 2000, 2002) , we believe this model system will greatly facilitate our understanding of conditioning-induced cortical plasticity.
Cytochrome oxidase activity in layer IV of the barrel cortex is attributable to metabolic activity in dendritic processes (WongRiley and Welt, 1980) associated with sites of synaptic contact (Kageyama and Wong-Riley, 1982; Mjaatvedt and Wong-Riley, . Whisker-eyeblink conditioning increases metabolic representation for conditioned cortical barrels. A, Left, Illustration of a cytochrome-oxidase-stained cortical barrel field with a sampling area over the B-row. Scale bar, 250 m. Right, Illustration of an optical density histogram of the row of barrels outlined in the barrel field illustration to the left. Note the tic marks on the x-axis delineating the point between two barrel walls. B, The mean length for the first three cortical barrels in each row on the trained and nontrained hemisphere for trace-and pseudo-conditioned rabbits. Note the increase in length for the trace-conditioned B-row trained hemisphere. Error bars represent SEM. *p Ͻ 0.05. 1988). Cortical barrel hollows in layer IV receive input from corresponding whisker related barreloids in the ventral posterior medial (VPM) thalamus. Thus, the conditioning induced increase in CO-stained cortical barrel hollows could be caused by reorganization or activation of either VPM or intracortical projections. Regardless of the source of the plasticity (VPM or intracortical), both would require either axonal, dendritic, or synaptic proliferation and/or functional activation of pre-existing processes to elicit the conditioning induced row specific CO cortical barrel map expansion.
In support of a mechanism requiring synaptogenesis or functional activation of pre-existing processes, studies have demonstrated that whisker stimulation induces synaptic plasticity. For example, whisker stimulation has been shown to increase the total number of synapses and specifically increase the number of inhibitory synapses for at least 4 d after stimulation in the barrel cortex. Furthermore, partial vibrissectomy in adult mice increases cortical 2-deoxyglucose (2DG) barrel representation (Siucinska and Kossut, 1994; Kossut and Juliano, 1999) and axonal density in layer IV of the barrel cortex for the spared whiskers (Kossut and Juliano, 1999) , suggesting an increase in synapses. Likewise, whisker chessboard deprivation, a paradigm in which the whiskers are removed in a chessboard pattern, induces synaptic plasticity in layer V barrel cortical neurons (Trachtenberg et al., 2002) . These studies suggest that the observed conditioning induced expansion of the CO cortical barrel map representation is caused by either synaptogenesis and/or functional activation of pre-existing synapses.
In further support for a synaptic explanation for the observed plasticity, various studies have demonstrated an absence of experience-induced remodeling of dendritic fields in the adult barrel cortex. For example, adult spiny stellate neurons along the barrel wall in layer IV of the barrel cortex exhibit barrel hollow orientated dendritic fields (Woolsey et al., 1975; Simons and Woolsey, 1984; Greenough and Chang, 1988) , which can be altered with whisker follicle damage before Woolsey, 1979, 1981; Steffen and Van der Loos, 1980) but not after postnatal day 4 in mice Woolsey, 1979, 1981) . Furthermore, whisker chessboard deprivation, shown to induce synaptic plasticity, does not significantly alter dendritic morphology on layer V barrel neurons (Trachtenberg et al., 2002) . These studies suggest that adult whisker deprivation is unlikely to induce large scale remodeling of the dendritic fields and further support a synaptic theory for adult barrel cortical plasticity.
We should note that although dendritic growth appears to be an unlikely explanation for our observations, we do not feel it can be completely ruled out. Increased sensory stimulation via environmental enrichment increases occipital cortical dendritic material (Volkmar and Greenough, 1972; Greenough et al., 1979; Withers and Greenough, 1989) . Furthermore, many proteins such as the fragile X mental retardation protein (a cargo protein that regulates mRNA translation at the synapse) (Miyashiro et al., 2003) have been shown to play a role in both spine maturation (Nimchinsky et al., 2001; and pruning of dendritic processes (Galvez et al., 2003 , suggesting that the same or similar mechanisms regulate synaptic and dendritic growth. Thus, dendritic growth is a plausible hypothesis that also warrants further investigation. Angiogenesis could also expand CO stained cortical barrels. However, unlike dendritic proliferation, we do not believe angiogenesis could account for the observed plasticity. Angiogenesis, although shown to have positive effects on cognitive performance (Churchill et al., 2002) , is typically associated with physical activity and not learning (Black et al., 1990) . Thus, if the expansion was caused by activity-induced angiogenesis, one would expect to observe expansion in the barrels of pseudo-conditioned animals as well.
Finally, gliogenesis could also be a source for the observed cortical barrel expansion. However, like angiogenesis, we do not believe this could account for the observed plasticity. Gliogenesis, although shown to be increased with enriched rearing (Altman and Das, 1964; Diamond et al., 1964 Diamond et al., , 1966 Szeligo and Leblond, 1977; Bhide and Bedi, 1984a,b; Sirevaag and Greenough, 1991) , requires at least 30 d to induce a significant change (Sirevaag and Greenough, 1991) . Our observed increase occurred on average after only 6 d of training. This time period is well below that shown to be required for inducing gliogenesis. Optical density measures for rabbit whisker cortical barrel rows stained with cytochrome oxidase after trace conditioning or pseudo-conditioning.
The present study is not the first to demonstrate that the adult whisker barrel cortex remains plastic in adulthood. For example, whisker pairing has been shown to alter adult receptive fields for the remaining whiskers (Diamond et al., 1993; Armstrong-James et al., 1994) . Furthermore, vibrissa stimulation paired with footshock or a water reward in mice increases the size of the 2DG cortical barrel representation for the conditioned barrels (Siucinska and Kossut, 1996 Kossut, , 2004 . Finally, studies have demonstrated that the adult CO barrel cortical map representation can also be modulated (Machin et al., 2004; Polley et al., 2004) . These studies found that when adult rats were exposed to an enriched environment, the receptive field size in layer II/III decreased (Polley et al., 2004) , whereas the size of the overall CO-stained cortical barrel field in layer IV increased (Machin et al., 2004; Polley et al., 2004) . These studies, along with our findings, clearly demonstrate that not only does the barrel cortex retain the ability to be modulated in adulthood, but that under certain conditions, the adult CO cortical barrel map representation can also be modulated.
We should note that unlike these previous analyses, which used long periods of whisker stimulation, our paradigm induced barrel cortical plasticity over a considerably shorter time span (125 Ϯ 14 s; sum total of vibrissa CSs for the average number of trials to reach criterion in our study). Furthermore, our analysis is the first to demonstrate that CO staining can visualize adult rabbit whisker-related cortical barrels and that barrel cortical plasticity is associated with vibrissa CS processing during a well characterized, hippocampal-and forebrain-dependent associative learning task, trace-eyeblink conditioning.
Sensory cortical involvement in trace conditioning, to our knowledge, has not been extensively investigated. The current study established a methodology for visualizing adult rabbit whisker-related cortical barrels. Although parvalbumin staining of adult rabbit somatosensory cortex has been shown to reveal a barrel-like pattern (McMullen et al., 1994) , this pattern has not been confirmed electrophysiologically to correspond to whiskers on the rabbit's face. Note that cortical barrels cannot be visualized using standard Nissl stains in adult rabbits (Rice et al., 1985) . Our analysis electrophysiologically demonstrated that the observed cytochrome oxidase barrel pattern corresponds to the whiskers on the rabbit's face. Furthermore, our analyses demonstrated that vibrissa stimulation is a suitable CS for trace-eyeblink conditioning and that this form of conditioning induces sensory cortical plasticity. With this model system for examining sensory cortical changes associated with trace conditioning now established, future analyses will explore the mechanism(s) for this learning specific plasticity.
